Thirty pairs of drinking and nondrinking men, matched for age and weight, were drawn from a working population in which a close relationship between alcohol consumption and blood pressure had been demonstrated. In this smaller sample, men who drank an average of 408 ml of ethanol/week had higher supine (126.9 ± 2.3 mm Hg) and standing (113.3 ± 2.5 mm Hg) systolic and supine diastolic blood pressure (75.5 ± 2.2 mm Hg) than nondrinkers (117.5 ± 2.0, 107.4 ± 2.2 and 68.9 ± 1.8 mm Hg, respectively). Resting plasma concentrations of free and sulfated norepinephrine and epinephrine, renin activity, angiotensin II, aldosterone and cortisol were similar in drinkers and nondrinkers. To investigate differences that may arise when sympathoadrenal activity was stimulated, the subjects underwent a series of standardized physiologic stresses: isometric hand grip, mental arithmetic, cold pressor testing, standing and bicycle exercise. Blood pressure and heart rate responses were similar in drinkers and nondrinkers, although the differences in blood pressure between the two groups tended to become smaller after certain stresses. No differences in the plasma levels of free or conjugated catecholamines were apparent after these stresses. Plasma renin activity increased only after bicycle exercise, and this was similar in both groups. Plasma cortisol levels did not increase. The higher blood pressure in drinkers, therefore, cannot be explained by increased activity of the sympathoadrenal and renal pressor mechanisms.
SUMMARY Thirty pairs of drinking and nondrinking men, matched for age and weight, were drawn from a working population in which a close relationship between alcohol consumption and blood pressure had been demonstrated. In this smaller sample, men who drank an average of 408 ml of ethanol/week had higher supine (126.9 ± 2.3 mm Hg) and standing (113.3 ± 2.5 mm Hg) systolic and supine diastolic blood pressure (75.5 ± 2.2 mm Hg) than nondrinkers (117.5 ± 2.0, 107.4 ± 2.2 and 68.9 ± 1.8 mm Hg, respectively). Resting plasma concentrations of free and sulfated norepinephrine and epinephrine, renin activity, angiotensin II, aldosterone and cortisol were similar in drinkers and nondrinkers. To investigate differences that may arise when sympathoadrenal activity was stimulated, the subjects underwent a series of standardized physiologic stresses: isometric hand grip, mental arithmetic, cold pressor testing, standing and bicycle exercise. Blood pressure and heart rate responses were similar in drinkers and nondrinkers, although the differences in blood pressure between the two groups tended to become smaller after certain stresses. No differences in the plasma levels of free or conjugated catecholamines were apparent after these stresses. Plasma renin activity increased only after bicycle exercise, and this was similar in both groups. Plasma cortisol levels did not increase. The higher blood pressure in drinkers, therefore, cannot be explained by increased activity of the sympathoadrenal and renal pressor mechanisms.
WE CONFIRMED in a previous study the existence of a close relationship between the quantity of alcohol consumed and the level of blood pressure, which was independent of age and obesity.' This relationship was present even in men who drank less than 160 ml of ethanol/week (2-3 drinks/day). In moderate-to-heavy drinkers, the prevalence of systolic hypertension (> 140 mm Hg) was four times that in teetotalers. These findings identify alcohol as an important environmental factor in the incidence of hypertension.>4
The effect of alcohol appeared to be reversible; exdrinkers had blood pressures similar to those of nondrinkers. This suggests the possibility of a direct effect of alcohol on the neural and humoral mechanisms regulating blood pressure in susceptible persons. In this study, we evaluated the effect of moderate, habitual alcohol consumption on blood pressure and sympathetic, adrenal and renal pressor hormones under basal conditions and after standardized physiologic stresses in subjects matched for age and obesity.
Methods From a screened population of 491 men (ages 20-45 years) employed in government service, 30 nondrinkers and 30 drinking more than 160 ml ethanol/ week were selected as pairs matched for age and level of obesity (measured as Quetelet index: weight/ height2). The protocol was approved by the hospital ethics committee. None of the men was receiving drug treatment. Testing was done in the laboratory at 1500-1800 hours. Members of a pair were tested within 1
week of each other.
Subjects were requested to complete a 24-hour urine collection (for estimation of sodium and creatinine) and eat a light lunch before reporting to the laboratory). Smoking, alcohol or caffeine-containing beverages were not restricted to minimize interference with normal routines. After weight and height were measured, pulse and blood pressure were recorded after 20 minutes of recumbency and again after standing for 5 minutes. Blood pressure was measured with an electronic digital sphygmomanometer (Ueda 8000) calibrated against a standard mercury sphygmomanometer. Subjects were then asked to lie down, and a scalp vein needle was inserted for collection of venous blood samples. After 20 minutes' rest, pulse rate and blood pressure were recorded and a baseline blood sample was taken. The following physiologic stresses were applied: handgrip dynamometry for 4 minutes at 30% of maximal contraction as determined earlier; mental arithmetic involving successive subtractions for 10 minutes with distracting background noise; cold pressor test with immersion of one hand in ice for 2 minutes; standing for 5 minutes (after approximately 2½/2 hours of recumbency); and cycling on a bicycle ergometer (Siemens Elema 380B) for 12 minutes at increasing work until a maximal heart rate of 160 beats/ min was reached. Each stress was separated by 20 minutes of rest. Blood pressure and heart rate were recorded before and immediately after each test.
Cortisol, renin activity, norepinephrine and epinephrine were measured in baseline blood samples and after each physiologic stress. Concentrations of aldosterone, angiotensin II, highand low-density lipoprotein (HDL and LDL) cholesterol, triglycerides, liver enzymes (alkaline phosphatase, lactic dehydrogenase, glutamic oxaloacetic transaminase), bilirubin and alcohol were also measured. Red cell mean corpuscular volume was estimated.
Cortisol and aldosterone were measured by radioimmunoassay using commercial kits (Diagnostic Prod-ucts), renin activity and angiotensin II by modifications of previous methods,56 and norepinephrine by a modification7 of the radioenzymatic method of Peuler and Johnson,8 before and after enzymatic hydrolysis, with aryl sulphatase giving levels of sulfate conjugates.9 10 Plasma samples for catecholamines were stored at -80°C and assayed within 4 weeks. The coefficients of variation, derived from aliquots of a human plasma pool assayed on 11 consecutive days, were 5.6% and 14.3% for free norepinephrine and epinephrine and 9.7% and 15.6% for total norepinephrine and epinephrine, respectively. Statistical analysis was performed using a t test for paired or nonpaired data. The p values were obtained from two-tailed tables.
Results Table 1 gives details of the men studied. They were well matched for age and body size. Five nondrinkers and 10 drinkers smoked cigarettes. Even in this small sample, men who drank an average of 408 ml of ethanol/week had higher systolic blood pressures in both supine and standing positions. Diastolic blood pressure was significantly higher on standing only. Baseline levels of plasma free and sulfate conjugated norepinephrine and epinephrine, cortisol, renin activity, angiotensin II and aldosterone were not significantly different between the groups. Twenty-four-hour urinary catecholamine and sodium excretion, plasma HDL and LDL cholesterol, triglycerides, mean corpuscular volume, bilirubin and liver enzymes were also similar. Blood alcohol was not detected in any subject.
Hemodynamic responses to the physiologic stresses in drinkers and nondrinkers are shown in figure 1. Within each group, a highly significant (p < 0.001) increase in mean systolic blood pressure followed isometrics, mental arithmetic, cold pressor and bicycle exercise. Systolic pressures decreased on standing in both groups (p < 0.001). Mean diastolic pressure also increased in each group after mental arithmetic, cold pressor (p < 0.001) and isometrics (significant in nondrinkers only; p < 0.01), but decreased on standing and after bicycle exercise (p < 0.05). Systolic blood pressure was significantly higher in drinkers before each test ( fig. 1 ). This difference persisted after isometrics and mental arithmetic. After cold immersion, standing and bicycle exercise, the systolic pressure differences were less and not significant. Although the mean diastolic pressure was consistently higher in drinkers, this was significant only before isometrics and after mental arithmetic. Heart rates were similar between the two groups at all stages of testing.
Plasma catecholamines after physiologic stimuli were similar in drinkers and nondrinkers in terms of absolute levels (table 2) or increments. No significant increase in epinephrine concentration was found after cold pressor testing in either group and after standing in drinkers. The largest increase in norepinephrine and epinephrine occurred after bicycle exercise. In nondrinkers, after bicycle exercise, sulfated norepinephrine and epinephrine concentrations decreased from resting levels of 1046 91 pg/ml and 203 20 pg/ml to 775 + 99 pg/ml (p < 0.001) and 148 + 18 pg/ml (p < 0.01), respectively. In drinkers, these conjugates decreased from 1016 + 101 pg/ml and 180 17 pg/ ml to 807 + 130 pg/ml (p < 0.05) and 148 ± 15 pg/ml (p < 0.01), respectively. Plasma cortisol levels did not change consistently with each stress test, but were lower than resting values (table 1) after bicycle exercise in nondrinkers (270 31 nmol/l,p < 0.01) and drinkers (233 ± 19 nmol/ 1, p < 0.01).
Plasma renin activity increased only after bicycle exercise, although there was no significant difference between nondrinkers (1309 + 220 pg/ml/hour) and drinkers (1737 ± 236 pg/ml/hour) (p > 0.05).
Discussion
The association between alcohol consumption and higher systolic blood pressures observed in a previous study' is also found in this smaller subgroup, and is not due to differences in age or body weight. Supine diastolic pressures were also significantly different in this subgroup. Because of the variability in blood pressure responses, the differences between the two groups appear to become smaller after certain stresses (cold pressor, standing and bicycle exercise), although the physiologic significance of this is uncertain.
These blood pressure differences cannot be ex- plained by changes in the resting levels of hormones, which are considered to be important in blood pressure regulation. There was no evidence of increased sympathetic activity in drinkers; their resting heart rates and plasma catecholamine levels were similar to those of nondrinkers. Sulfate-conjugated catecholamines, which have been proposed as a more stable and longterm indicator of sympathetic nervous activity," and 24-hour urinary catecholamines, were also similar. The fall in sulfate-conjugated norepinephrine and epinephrine that we observed in this study has been reported in detail.'2 Because stimulated levels of norepinephrine more accurately reflect sympathetic activity,'3 possible differences between drinkers and nondrinkers, which may emerge after physical and mental exercise, should be explored. Although markedly increased sympathoadrenal activity was achieved, the responses in plasma catecholamines were similar in the two groups. This provides further evidence against enhanced sympathetic or adrenal activity being responsible for the increased blood pressure in drinkers.
Previous studies of urinary catecholamines have suggested increased excretion during acute'4' 15 and chronic alcohol consumption. 16 These observations were made during active heavy drinking and provide no information on catecholamine levels between drinking periods in the healthy moderate habitual drinkers who were studied here. Actively drinking chronic alcoholics generally have higher early morning plasma cortisol levels, and extreme hypercortisolism occasionally results in a clinical condition indistinguishable from Cushing's syndrome. 17 These high levels may revert to normal after prolonged abstinence from alcohol.'8 Alcohol given acutely to nonalcoholic subjects is usually, ", 20 but not invariably,2' associated with a rise in plasma cortisol.
Discrepancies could be related to the amount of alcohol given, and thus the degree of intoxication and the timing of cortisol measurements. This may explain why the 30 drinkers in this study who had no alcohol in their blood on the afternoon they were studied failed to show differences in cortisol levels. However, sustained hypercortisolism cannot be invoked as a contributing mechanism in alcohol-related higher blood pressure. The fall in plasma cortisol levels after physiologic testing was unexpected, but could be due to familiarization with the laboratory environment and procedures.
The effect of alcohol on blood pressure is also not explained by increased activity of the renin-angiotensin-aldosterone system. Although increases in plasma aldosterone, cortisol and renin activity have previously been observed22 and may be of sufficient magnitude to account for the renal sodium and water retention demonstrated in a number of earlier studies,23 26 these were associated with intoxicating amounts of alcohol. Urinary sodium excretion was also similar in the drinking and nondrinking groups in this study, which argues against sodium retention as an important factor in the mechanism whereby alcohol raises blood pressure. Despite significant differences in blood pressures, drinkers could not be distinguished from nondrinkers on the basis of increased circulating norepinephrine, levels of circulating adrenal or renal pressor hormones, or enhanced vascular reactivity to standardized physiologic stresses. This does not exclude an earlier involvement of these mechanisms in the development of these blood pressure differences, before the later onset of secondary adaptive changes. Although the differences in blood pressure in these relatively young men were not great, once higher pressures are established, the initially elevated levels of circulating pressor hormones may become suppressed. Furthermore, the effect of alcohol consumption on blood pressure may be the accumulative product of repetitive acute effects on regulatory mechanism in susceptible individuals. The acute changes might not be detectable between drinking periods, which was when this study was carried out. SUMMARY Serum total cholesterol level and dietary intake were surveyed 1975-1977 in six Japanese population groups with different lifestyles, including groups in both rural (Akita and Kochi) and urban (Osaka) areas. Clerical workers in Osaka, who had the most westernized lifestyle of all the study groups, had the highest mean serum total cholesterol level (202 mg/dl for men ages 40-49 and 50-59 years), while farmers in Akita had the lowest mean serum total cholesterol level (163 mg/dl for men 40-49 years old, 159 mg/dl for men 50-59 years old, 165 mg/dl for men 60-69 years old). Nutrient intake data for men ages 40-59 years showed 23% of calories from fat for clerical workers in Osaka, the highest among the study groups, whereas farmers in Akita showed a low level of 14%. The ratio of dietary polyunsaturated to saturated fatty acids was over 1.1 for all groups. Cholesterol intake was 339-487 mg/day. Total carbohydrate as a percentage of calories was 53-65%; 75-80% of carbohydrate energy was ingested from cereals. Sugar accounted for less than 3.5% of total calories.
In the cross-group correlation analysis between dietary lipid intake and serum total cholesterol, a significant strong positive correlation was found between the dietary lipid factor (44 of Keys et al. and the mean serum total cholesterol level. A weak but significant correlation was observed between the dietary lipid factor and serum total cholesterol for individual inhabitants of Osaka.
FOR MORE THAN 10 years, our research group has been carrying out epidemiologic surveys on several Japanese populations with different lifestyles,"I including farmers in Akita, clerical and manual workers and other residents of Osaka, and farmers in Kochi.
Despite their homogeneous racial and cultural background, these groups have different mean cholesterol levels. ' In 1965, farmers in Akita showed a very low mean serum total cholesterol (155 mg/dl), whereas clerical workers and other inhabitants of Osaka showed much higher levels, 201 and 179 mg/dl, respectively.3 4 However, westernization of lifestyles has brought about a change of diet, notably an increase in fat intake, even among the farmers in Akita. Serum total cholesterol level has increased, and among the farmers in Akita has approached that of the Osaka residents.5 The mean serum total cholesterol level of clerical workers in Osaka has not increased in this 10- year period, and remains approximately 200 mg/dl. In this paper, we present data on serum total cholesterol and nutrient intake in several Japanese popula-
